The susceptibility trends for the species of the Bacteroides fragilis group against various antibiotics from 1997 to 2004 were determined by using data for 5,225 isolates referred by 10 medical centers. The antibiotic test panel included ertapenem, imipenem, meropenem, ampicillin-sulbactam, piperacillin-tazobactam, cefoxitin, clindamycin, moxifloxacin, tigecycline, chloramphenicol, and metronidazole. From 1997 to 2004 there were decreases in the geometric mean (GM) MICs of imipenem, meropenem, piperacillin-tazobactam, and cefoxitin for many of the species within the group. B. distasonis showed the highest rates of resistance to most of the ␤-lactams. B. fragilis, B. ovatus, and B. thetaiotaomicron showed significantly higher GM MICs and rates of resistance to clindamycin over time. The rate of resistance to moxifloxacin of B. vulgatus was very high (MIC range for the 8-year study period, 38% to 66%). B. fragilis, B. ovatus, and B. distasonis and other Bacteroides spp. exhibited significant increases in the rates of resistance to moxifloxacin over the 8 years. Resistance rates and GM MICs for tigecycline were low and stable during the 5-year period over which this agent was studied. All isolates were susceptible to chloramphenicol (MICs < 16 g/ml). In 2002, one isolate resistant to metronidazole (MIC ‫؍‬ 64 g/ml) was noted. These data indicate changes in susceptibility over time; surprisingly, some antimicrobial agents are more active now than they were 5 years ago.
Pathogens of the Bacteroides fragilis group are the anaerobic pathogens that are the most frequently isolated from blood and abscesses. They are also among the most antibiotic-resistant isolates in anaerobic and mixed infections (21) . Susceptibility to antibiotics varies considerably among the species of the group, yet most clinical laboratories do not routinely determine the species of the organism or test the susceptibilities of any anaerobic isolates, including those in the B. fragilis group, due to technical difficulties surrounding Bacteroides susceptibility testing (21) . Consequently, the treatment of anaerobic infections is selected empirically, based on published reports on patterns of susceptibility (14, 15, 19, 20) . Therefore, the importance for reference laboratories to provide information on the patterns of susceptibility of the species within the group is important clinically. For over 20 years we have conducted a national survey on the susceptibility patterns of these important pathogens and our laboratory at Tufts New England Medical Center served as a reference center for the storage and testing of Bacteroides clinical isolates. We undertook this analysis to determine the susceptibility trends of the various species, using data from 1997 to 2004 for 5,225 isolates referred by 10 geographically diverse medical centers distributed throughout the United States.
( Bacterial isolates. Nonduplicate clinical isolates of the B. fragilis group were referred for susceptibility testing to the Special Studies Laboratory at New England Medical Center by the medical centers participating in the survey. The isolates were shipped on prereduced agar slants and were stored until the time of testing. A total of 5,225 isolates were analyzed. The identification of the isolates was confirmed by using the API RapidANA II system and/or the standard methodology (11, 23) .
Susceptibility testing.
MICs were determined by the agar dilution method following the recommendations of Clinical Laboratory Standards Institute (CLSI; formerly the NCCLS) (13) . The plates were prepared on the day of the test by using enriched brucella agar (brucella agar supplemented with 5% lysed defibrinated sheep red blood cells and 1 g/ml vitamin K). For the preparation of the inocula, the organisms were grown to logarithmic phase, and the turbidity was adjusted to that of a 0.5 McFarland standard (ϳ10 8 CFU/ml). The inocula were delivered to the surface of the agar plate with a Steers replicator, resulting in an organism concentration of 10 5 CFU/spot. The inoculated plates were incubated at 37°C in an anaerobic chamber for 48 h. In all tests, B. fragilis ATCC 25285 and B. thetaiotaomicron ATCC 29741 were used as controls. Tests were repeated when the MICs of the control organisms were outside of the CLSIspecified range (13) . For tigecycline, the range used was that determined in a standardized study involving eight laboratories (D. Hecht, data presented at CLSI meeting, San Diego, CA, June 2006). Data analysis. Data were stored in Microsoft Excel spreadsheets. Statistical analysis was performed by using the SAS system for Windows, version 8.01. Trends for increased or decreased resistance over the 8 years were tested by using the Cochran-Armitage test of trend (1) . The breakpoints for resistance used for data analysis were those established by regulatory agencies and were as follows: for the carbapenems, ␤-lactam-␤-lactamase inhibitor combinations, cefoxitin, and clindamycin, the breakpoints used were those recommended by CLSI for anaerobic bacteria (13) ; for moxifloxacin and tigecycline, FDA-established breakpoints for resistance were used, since CLSI does not have any currently published susceptibility criteria recommendations for these two agents (Tygacil package insert [Wyeth Pharmaceuticals] and Avelox package insert [Bayer Pharmaceuticals]). Trends for increased or decreased MICs over time were evaluated by using linear regression analysis of the log 10 MIC results. P values from the linear regression analysis are presented together with the geometric mean (GM) MIC, calculated as the antilog of the arithmetic average of the observed log 10 MICs. An alpha level of 0.05 was used to determine statistical significance. Table 1 shows the distribution by species of the 5,225 isolates included in the study. As previously reported by us and other investigators, B. fragilis continues to be the most common species within the group (52.1%), followed by B. thetaiotaomicron and B. ovatus (18.7% and 10.4%, respectively) (3, 5, 21) . Among the 202 isolates grouped under Bacteroides "other," B. caccae was the most frequent isolate: 150 (74%) isolates over the 8-year study period. In addition, there were 34 B. eggerthii isolates, 2 B. merdae isolates, 15 B. stercoris isolates, and 1 Bacteroides "other" isolate not identified. Because of their small numbers (compared to the numbers of the other species), the data for these isolates was compiled into one group. Table 2 is a summary of the susceptibilities of the isolates for the 8 years of the study period expressed as MIC range, GM MIC, MIC 90 , and percent resistant . The percent resistance was calculated by using the CLSI-or FDA-recommended breakpoints for the each antibiotic (13; Tygacil package insert [Wyeth Pharmaceuticals] and Avelox package insert [Bayer Pharmaceuticals]). In general, of the species tested, B. fragilis was the most susceptible to most agents. B. fragilis showed the lowest rates of resistance to the carbapenems and ␤-lactam-␤-lactamase inhibitor combinations, and the rates of resistance to cefoxitin and tigecycline were approximately 5% each, while the rates of resistance to clindamycin and moxifloxacin were 19% and 27%, respectively.
RESULTS
Analysis of the non-B. fragilis species showed that the GM MICs of all the ␤-lactams agents (carbapenems, inhibitor combinations, cefoxitin) and tigecycline for B. distasonis were generally the highest. In addition, B. distasonis was the most resistant of all the species to ampicillin-sulbactam (resistance rate of 16.8% compared to an average resistance rate of 1.8% for all the other species combined). Approximately one-third or more of the B. ovatus, B. thetaiotaomicron, and B. uniformis isolates were resistant to clindamycin. Among the isolates of these three species, high rates of resistance to moxifloxacin were also observed (38.3%, 26.3%, and 38.6%, respectively).
Over half the B. vulgatus isolates were resistant to moxifloxacin (54.7%), and more than a third were resistant to clindamycin (35.3%). However, all isolates of this species were highly susceptible to the other antibiotics tested.
Isolates in the group Bacteroides "other" (B. caccae, B. eggerthii, B. merdae, and B. stercoris) showed relatively high rates of resistance to tigecycline (7.2%) compared to the rates for the other species (Յ5%). Within this group, we also observed high rates of resistance to moxifloxacin (36.4%) and clindamycin (28.2%).
In general, the GM MICs of all the antibiotics against all the species were below their breakpoints for resistance; however, the MIC 90 s of clindamycin and moxifloxacin against all the species were at or above the breakpoints for resistance. The MIC 90 of ampicillin-sulbactam was at the breakpoint for resistance for B. distasonis (32 g/ml), while the MIC 90 s of cefoxitin were at the breakpoint for resistance (64 g/ml) for B. ovatus, B. thetaiotaomicron, and Bacteroides "other" and were above this value for B. distasonis. By comparison, the MIC 90 s of the three carbapenems as well as those of piperacillin-tazobactam Since very few isolates were resistant to the carbapenems, we chose to examine the GM MIC over time (Fig. 1) . Susceptibility trends from 1997 to 2004 (Fig. 1) showed an overall significant decrease in the GM MIC for imipenem against all the species of the group. A significant decrease in the GM MIC of meropenem for B. thetaiotaomicron was also observed. The GM MICs for ertapenem remained virtually unchanged against all the species within the group. Figure 2 illustrates the trend over time in the percent resistance to piperacillin-tazobactam, ampicillin-sulbactam, and cefoxitin against Bacteroides species. With the exception of the rates for B. distasonis in 1999, the rates of resistance to piperacillin-tazobactam were Յ1% for all the years of the study. A significant decrease in percent resistance to piperacillintazobactam was noted against B. vulgatus. In contrast, the rates of resistance ampicillin-sulbactam were Ն20% in 2002 and 2003. At a breakpoint of 64 g/ml, a significant decrease in the percent resistance to cefoxitin was noted for B. distasonis, B. ovatus, and B. thetaiotaomicron. The trends in the GM MICs of the inhibitor combinations and cefoxitin are not shown; however, we noted that the GM MIC of piperacillin-tazobactam against all species except B. thetaiotaomicron and B. uniformis declined significantly, while the GM MIC of ampicillin-sulbactam against B. ovatus increased significantly (P ϭ 0.012). With the exception of B. uniformis, cefoxitin also showed a significant decrease in its GM MICs against all the non-Bacteroides species.
The trends in resistance to clindamycin, moxifloxacin, and tigecycline are illustrated in Fig. 3 . The rate of resistance of B. fragilis, B. ovatus and B. thetaiotaomicron to clindamycin increased significantly. In addition, the increased percent resistance to clindamycin by these species was accompanied by significant increases in the GM MICs. An increase in the rate of resistance to moxifloxacin was observed for B. fragilis, B. distasonis, B. ovatus, and "other" Bacteroides spp. For moxifloxacin, significant increases in the GM MICs for the following species were also noted: B. distasonis, B. fragilis, B. ovatus, B. thetaiotaomicron, and "other" Bacteroides spp. (data on GM MICs not shown).
During the 5 years that tigecycline was studied (2000 to 2004), the percent resistant as well as the GM MICs remained relatively stable against all species. Among all the species, the resistance rates varied from a low of 1.6% for B. vulgatus to a high of 7.2% for "other" Bacteroides spp.
Because of the excellent activities of metronidazole and chloramphenicol against the B. fragilis group isolates, the data for these two agents are not shown. All isolates were susceptible to chloramphenicol at concentrations of Ͻ8 g/ml; however, the first confirmed metronidazole-resistant isolate (MIC, 64 g/ml) in the United States was tested in 2002; none were noted in 2003 or 2004.
DISCUSSION
As in previous reports, the present study shows the variability of resistance patterns among the species of the B. fragilis group (21, 22) . To facilitate the comparison of trends over time with the trends described in our previous reports as well as with those from surveillance studies performed by other investigators, the results are presented as changes in the percent resistance of the various antibiotics evaluated rather than percent susceptible. Emphasis through the use of percent resistance also highlights the importance of selecting an effective and active agent for the treatment of B. fragilis infections (20, 21) .
Our results confirmed some interesting trends noticed previously (22) . There is a continuing trend toward significantly lower MICs of the carbapenems. The exception to this trend is ertapenem; however, the rate of resistance to this drug is still very low (1.4%).
Piperacillin-tazobactam remains the most active ␤-lactamase inhibitor combination. This class of antibiotics remains very active against the B. fragilis group. Nevertheless, an interesting trend is observed with the bug-drug combination of B. distasonis and ampicillin-sulbactam; indeed, the rate of resistance to this combination increased from less than 10% during the initial years of the study to approximately 20% during the later years. This cautionary statement also applies to B. distasonis and cefoxitin since the 8-year resistance rate of this species was very high (36.3%). The rates of resistance to clindamycin remained high, and as reported previously, resistance is higher among the non-B. fragilis species (22) .
At the FDA-established breakpoint for resistance of 8 g/ml (currently, CLSI has not published susceptibility criteria for this agent), significantly increased rates of resistance to moxifloxacin were noted for most species. In a previous publication released in 2003, we pointed out that the increasing resistance rates might reflect the frequent use of quinolones (7) . Two studies in Spain showed similar trends of increased resistance to quinolones (5, 16) ; however, recent data from Goldstein et al. (9) showed lower rates of resistance to moxifloxacin, particularly for B. vulgatus. The study by Goldstein et al. (9) may reflect a marked difference in the population from whom the isolates were obtained, such as patients with community-acquired intra-abdominal infections, without much prior antibiotic exposure, and the population in tertiary-care medical centers. The isolates referred from the R. M. Alden Research Laboratories for this analysis may differ from those included in the recently cited publication (9; data not shown). It is likely that regional or institutional rates may vary considerably throughout the United States and the world and that factors such as previous antibiotic use or the site of isolation may play a role in the selection of resistant isolates (10) . Unfortunately, we do not have data on the use of antibiotics prior to isolation, and our analysis by center or site of isolation is currently being completed for publication (8) .
The 5-year data for tigecycline show that at a breakpoint for on July 8, 2017 by guest http://aac.asm.org/ resistance of 16 g/ml, this agent has very good in vitro activity against most of the species within the group. As with moxifloxacin, the breakpoint for resistance of tigecycline used in the analysis was that established by FDA; currently, CLSI has not established susceptibility criteria for this agent. The less susceptible isolates were among the B. fragilis and the "other" Bacteroides isolates (mostly B. caccae). Similar activity was reported by Betriu et al. (4) . It is also important to note the isolation of a metronidazoleresistant isolate of Bacteroides fragilis in this survey. Such isolates have been noted in Europe (6) but have not previously occurred in the present survey. The emergence of resistance to metronidazole in the United States has significant therapeutic implications.
This survey presents the most comprehensive report on the susceptibility trends for the B. fragilis group over time. Other surveillance studies, which have used smaller numbers of isolates, have shown similar results (3, 10, 12, 17, 18) . Many investigators have joined us in emphasizing the need for monitoring the susceptibility patterns by using a standardized methodology (2, 9, 10, 17) .
There is also a need for rapid and less expensive methods for the determination of the species of the isolates tested as well as identification of specific resistance determinants (17) . The information is pivotal in the decision making and empirical treatment of these very important anaerobic pathogens, since susceptibility has been shown to be related to outcome in Bacteroides infections (19, 20) .
